A taxonomic study was carried out on a novel bacterial strain, designated MIC2002
T represents a novel species of the genus Pedobacter within the family Sphingobacteriaceae, for which the name Pedobacter pituitosus sp. nov. is proposed. The type strain is MIC2002 T (5KACC 17064 T 5JCM 18729 T ).
The genus Pedobacter, proposed by Steyn et al. (1998) by reclassification of two species of the genus Sphingobacterium, is a member of family Sphingobacteriaceae. At the time of writing, the genus includes 44 species with validly published names (http://www.bacterio.net/pedobacter.html). Members of the genus Pedobacter have the characteristics of being Gram-stain-negative rods, catalase-and oxidase-positive, aesculin-hydrolysis-positive and nitrate-reduction-negative with menaquinone 7 as the major or only respiratoty quinone and a genomic DNA G+C content in the range 36-47.5 mol% (Kook et al., 2014) . In this study, phenotypic, chemotaxonomic and genotypic analyses were executed on a novel strain, designated MIC2002 T , isolated from a waterfall.
Strain MIC2002
T was isolated from Wibong falls, a twotiered waterfall with a measured height of 60 m, located in Korea (GPS coordinates of the location, 35 u 549 35.07 N 127 u 159 41.38 E) on 4 May 2012. The water sample was serially diluted with 0.9 % (w/v) saline and plated on R2A agar (Difco). A pink-pigmented colony appeared after 7 days of incubation and was purified by transfer onto new plates; this strain was designated MIC2002 T . Strain MIC2002 T was routinely cultured on R2A agar and preserved as a glycerol suspension (20 %, w/v, glycerol) in R2A broth at 270 u C and also lyophilized.
The phylogenetic position of MIC2002 T was investigated by 16S rRNA gene analysis. The gene was amplified and sequenced using universal bacterial primers 27F and 1492R. The sequence was aligned with closely related 16S rRNA gene sequences using the EzTaxon-e server (Kim et al., 2012) . Phylogenetic trees were reconstructed by neighbourjoining (Saitou & Nei, 1987) , maximum-likelihood and maximum-parsimony (Fitch, 1971 ) algorithms using the software package MEGA5 (Tamura et al., 2011) , after generating multiple sequence alignments with the program CLUSTAL_X version 2.1 (Thompson et al., 1997) . For the neighbour-joining analysis, the evolutionary distances between sequences were calculated using Kimura's two-parameter model (Kimura, 1980) , and the tree topology was evaluated with 1000 replicates of bootstrap resampling.
Comparative analysis of the 16S rRNA gene sequence of strain MIC2002
T with those of other species of the genus Pedobacter revealed the highest similarity with Pedobacter daechungensis Dae 13
T (An et al., 2009; 94 .4 % sequence similarity), followed by Pedobacter tournemirensis TF5-37.2-LB10
T (Urios et al., 2013; 93 .4 %) and Pedobacter glucosidilyticus 1-2 T (Luo et al., 2010; 93.4 %) . The phylogenetic tree reconstructed by the neighbour-joining method ( Fig. 1 ) revealed that strain MIC2002
T formed a distinct clade with P. glucosidilyticus 1-2 T within the genus Pedobacter. These analyses clearly showed that strain MIC2002
T represents a novel species within the genus Pedobacter. Optical microscopy (Leica DM500; at 61000 magnification) and transmission electron microscopy (Bio-TEM; Hitachi H-7650) were used to characterize the morphological properties of strain MIC2002
T . Cells grown in R2A liquid medium for 3 days at 25 u C were fixed on a Formvar-coated grid (EMS) and stained with uranyl acetate for Bio-TEM analysis. Reaction to Gram-stain was tested using a Gram Stain kit (Difco). Growth was investigated at different temperatures (4, 10, 15, 20, 25, 30, 37, 42 and 65 u C) and various pH values in R2A broth using phosphate buffer (pH 5.5-8.0 at intervals of 0.5 pH unit) and glycine/NaOH buffer (pH 8.5-10.0 at intervals of 0.5 pH unit). Salt tolerance was visually examined in R2A broth supplemented with 0-12 % (w/v) NaCl after 7 days of incubation. Growth on R2A, tryptic soy agar (TSA; MP Biomedicals), nutrient agar (NA; Difco), marine agar (MA; MB Cell), Czapek-Dox agar (Duchefa Biochemie), MRS agar (Difco), deoxycholate lactose agar (Difco) and MacConkey agar (Difco) was also evaluated. Tests for degradation and hydrolysis of several compounds such as casein, cellulose, CM-cellulose and tyrosine were carried out after 7 days of incubation on R2A agar plates supplemented with 5 % (w/v) casein, 1 % (w/v) cellulose, 0.5 % (w/v) CM-cellulose and 1 % (w/v) tyrosine, respectively, and the hydrolysis activity was evaluated by formation of a clear zone around bacterial colonies. Hydrolysis of DNA and starch was examined on DNase test agar with methyl green (Difco) and R2A agar plates supplemented with 1 % (w/v) starch, and was measured by flooding the plates with 1 M HCl and iodine solution, respectively. Catalase and oxidase activities were determined by a bubble production with 3 % (v/v) hydrogen peroxide and by a colour change using 1 % (w/v) N,N,N9,N9-tetramethyl-1,4-phenylenediamine, respectively. Flexirubin-like pigments were extracted as described by Bernardet et al. (2002) and Güde (1980) and verified by using an UV-visible . +, Positive; 2, negative. All data are from this study. All strains were positive for catalase, oxidase, alkaline phosphatase, leucine arylamidase, valine arylamidase and hydrolysis of aesculin. All were negative for Gram-stain reaction, motility, nitrate reduction, arginine dihydrolase, urease, lipase, a-chymotrypsin and a-mannosidase, production of indole and H 2 S and assimilation of D-mannitol, caprate, adipate, malate, citrate and phenylacetate. spectrophotometer (Shimadzu UV-2501PC). Motility was tested by monitoring the isolate in wet mounts and stabinoculating sulfide-indole-motility (SIM; MB cell) medium tubes, which were incubated at 25 u C and observed every day for 1 week. The test for microbial susceptibility to antibiotics was performed by placing 6 mm antibiotic discs (Liofilchem) on R2A agar with suspensions of strain MIC2002 T and measured by a clear zone of growth inhibition. The following antibiotic discs were used (concentration per disc): ampicillin (10 mg), erythromycin (15 mg), chloramphenicol (30 mg), rifampicin (30 mg), streptomycin (10 mg), tetracycline (30 mg), kanamycin (30 mg), vancomycin (30 mg), doxycycline (30 mg), novobiocin (5 mg), neomycin (30 mg) and polymixin B (100 IU). The strain was considered as susceptible with inhibition zone diameters greater than 17 mm, intermediate with inhibition zone diameters greater than 12 mm but less than 17 mm and resistant with zone diameters of 12 mm or below, as described by Delost (2015) . Various physiological and biochemical tests were performed using API 20NE (bioMérieux) and GN2 MicroPlates (Biolog). Enzyme activities were tested using an API ZYM kit in accordance with the manufacturer's instructions (bioMérieux).
Cells of strain MIC2002
T were found to be Gram-stainnegative, strictly aerobic, non-motile rods measuring 0.3-0.5 mm wide and 4.0-5.0 mm long (Fig. S1 , available in the online Supplementary Material). Colonies were 0.5-1.5 mm in diameter, smooth, circular, slimy, raised with entire margin and pink in colour after 3 days at 25 u C on R2A agar. The isolate was able to grow at 10-37 u C. Physiological and biochemical analyses that clearly separate strain MIC2002
T from recognized species of the genus Pedobacter are listed in Table 1 .
For analysis of cellular fatty acids, strain MIC2002
T and its closest related type strains were incubated at 25 u C and the biomass was obtained from colonies in the third quadrant on R2A agar plates. Comparative analysis of fatty acid methyl esters was conducted following the instructions of the MIDI Sherlock Microbial Identification System and determined by GC (Hewlett Packard model 7890). Polar lipids were extracted by the procedure described by Minnikin et al. (1984) and analysed by two-dimensional TLC and subsequently colour stained with molybdophosphoric acid (Merck), ninhydrin (Merck), molybdenum blue reagent (Sigma), a-naphthol (Wako) and Dragendorff reagent (Merck). The genomic DNA G+C content was determined using reverse-phase HPLC analysis (Mesbah & Whitman, 1989) of nucleosides after digestion with nuclease P1 and alkaline phosphatase. Cells were harvested during the exponential phase of growth and freeze-dried for analysis of quinones and polar lipids. Respiratory quinones were extracted from freeze-dried cells using methanol/hexane followed by phase separation according to the method and analysed by HPLC (Wu et al., 1989) .
The cellular fatty acid profile of strain MIC2002
T was compared with those of other closely related type strains of the genus Pedobacter (Table 2 ). The fatty acids of strain MIC2002 T comprised (.5 %) summed feature 3 (comprising C 16 : 1 v6c and/or C 16 : 1 v7c, 25.3 %), iso-C 15 : 0 (16.2 %), iso-C 17 : 0 3-OH (15.7 %), C 16 : 0 (7.0 %) and anteiso-C 15 : 0 (5.1 %). Polar lipids of strain MIC2002 T and P. daechungensis Dae 13 T were analysed (Fig. 2) . The major polar lipids of strain MIC2002
T were phosphatidylethanolamine and one unknown lipid. In addition, two unknown lipids, three unknown aminolipids and one unknown glycolipid were also present in small amounts. The polar lipid profile of MIC2002
T was different from that of P. daechungensis Dae 13
T by the additional presence of an unknown lipid (L3) and two unknown aminolipids (AL2, 3). The DNA G+C content of strain MIC2002 T was 34.7 mol%. The only respiratory quinone was menaquinone MK-7.
Strain MIC2002
T could be distinguished from the other species of the genus Pedobacter on the basis of phylogenetic analysis and several morphological and biochemical *Summed features represent groups of two or three fatty acids that could not be separated using the MIDI system. Summed feature 1 comprised iso-C 15 : 1 H and/or C 13 : 0 3-OH, summed feature 3 comprised C 16 : 1 v6c and/or C 16 : 1 v7c and summed feature 9 contained 10-methyl C 16 : 0 and/or iso-C 17 : 1 v9c.
characteristics. Therefore, it can be concluded that strain MIC2002 T represents a novel species affiliated into the genus Pedobacter with the name Pedobacter pituitosus sp. nov. is proposed.
Description of Pedobacter pituitosus sp. nov.
Pedobacter pituitosus (pi.tu.i.to9sus. L. masc. adj. pituitosus slimy).
Cells are Gram-stain-negative, aerobic, non-motile and rods, 0.3-0.5 mm wide and 4.0-5.0 mm long. Colonies are 0.5-1.5 mm in diameter, smooth, circular, slimy, raised with an entire margin and pink in colour after 3 days at 25 u C on R2A agar plates. Growth occurs within the temperature range of 10-37 u C, at pH 5.0-7.5 and in the range of 0-2 % (w/v) NaCl. The optimum temperature and pH for growth are 25 u C and pH 6.5-7.0, respectively. Growth occurs on R2A and NA, but not on TSA, MA, Czapek-Dox agar, MRS agar, deoxycholate lactose agar or MacConkey agar. Cells are negative for the production of urease and gelatinase, hydrolysis of cellulose, starch, DNA and CM-cellulose, and nitrate reduction. Hydrolysis of tyrosine and casein is positive. Catalase and oxidase activities are positive. Flexirubin pigments and gliding motility are absent. Cells are sensitive to ampicillin, erythromycin, chloramphenicol, rifampicin, streptomycin, tetracycline, kanamycin, vancomycin, doxycycline and novobiocin and resistant to neomycin and polymixin B. In Biolog GN2 tests, L-arabinose, c-hydroxybutyric acids and putrescine are utilized. Cells do not utilize a- 
